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In the last two decades, various types of 
improved confinement states have been identified in 
tokamaks. The electric field bifurcation model [1] has 
been proposed to explain the physics of the H-mode, and 
the role of the radial electric field structure on the various 
improved confinement modes has been recognized [2]. 
In the high temperature plasmas which are 
confined in CHS and LHD, the anomalous energy 
transport dominates over the neoclassical energy transport. 
The improved energy confinement, if it exists, could be 
realized when the anomalous transport is suppressed. The 
possibility of the internal transport barrier has been 
theoretically predicted; the electric field domain interface 
could be established, and transport reduction at the 
interface takes place [3]. 
For the transparency of the argument, we take the 
following simplification: The radial current is dominated 
by the neoclassical transport, while the energy transport is 
governed by the anomalous transport. The radial electric 
field is solved for a given profiles of the density and 
temperature. This simplification has been tested on CHS 
plasma, and was shown to be sufficient as a zeroth-order 
estimate of the radial electric field [4]. 
The radial electric field in the stationary state is 
governed by the charge neutrality equation. The equation 
of the balance of local current 
(1) 
can have three solutions for one set of plasma parameters, 
two of which are stable solutions. More positive electric . 
field solution is usually called 'electron root', and the 
other, less positive solution, is called ion root. It was 
shown that the electric field interface appear in the plasma 
when Eq.(1) has multiple solutions in some region, say 
T] < T < T2 [2]. There could exist a surface r = r* 
(T] < T * < r 2) across which the domain of electron root 
and that of ion root touches each other. 
When the electric field interface exist in the 
plasma, the transport barrier could be realized. The 
turbulent transport coefficient X for the Heliotron plasma 
has been derived as [5] 
X = (I + roY2Gor 'XL (3) 
where (OE = E~'tA[!B is the normalized gradient of electric 
field, 'tAp is the poloidal-Alfven-transit time, and Go is 
the pressure gradient coupled with the magnetic field 
gradient. XL is the transport coefficient in the absence of 
the electric field gradient, and the explicit formula is given 
in [5]. One sees that the electric field gradient 
E~ =:! l06Vm-2 is the level of gradient which causes the 
reduction of transport for the parameters of interest. The 
difference of the radial electric field across the domain 
interface is a few times of 1 VT Ie I. The layer thickness of 
the interface is dictated by the anomalous viscosity and 
collisional viscosity, and can be of the order of cm or less. 
The gradient at the interface can exceed the critical level of 
gradient to drive the turbulence suppression [3]. 
Based on these theoretical analysis, it has been 
predicted that the internal transport barrier can exist at the 
electric domain interface, i.e., under the. circumstance that 
Eq.(1) has multiple solutions. This theoretical prediction 
has been tested on CHS plasmas. It has been confirmed 
by experiments that the internal transport barrier is 
established at the electric domain interface. Figure 1 
illustrates the parameter space in which the multiple 
solution of Eq.(l) exist in the plasma [6]. The region 
depends on the ratio of the electron and ion temperatures. 
The experimental region of electric domain interface is 
also shown by the hatched region. Plasma discharge with 
internal transport barrier exists in this hatched region. 
One can conclude that the theoretical prediction for the 
existence of the internal transport barrier has been semi-
quantitatively confirmed. 
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Fig.l Hatched region indicates the possibility of 
multiple solutions for the case of CHS plasma with 
B == 1 T . Bifurcation is experimentally observed in the 
area which is denoted by a shaded ellipse. 
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